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Detailed Report 

1 . Name of the invention 

vnrc for electrical cable 

2. Sphere of application of patent 

(requested clause 1) 

It is regarding wire for electrical cable which consists of composite materials 
made of metal and carbon fiber. Copper or aluminum is reinforced by carbon fiber within 
a negative coefiBcient of thermal expansion. The amount of carbon fiber is 5!tto 30 ^ 
volume 

(requested clause 2) 

It is regarding wire for electrical cable which consists of composite materials 
made of metal and carbon fiber. Copper or aluminum is reinforced by carbon fiber with 
a negative coefficient of thermal expansion. 1 he amount of carbon fiber is 5 to 30 
volume 

3. Detailed explanation of the invention 

(field of industrial use) 

This invention is regarding wire for electrical cable 

(prior art), (problems that this invention addresses) 

Formerly, copper or aluminum has been used as the primary conductor for 
electrical cable. However, it stretches due to the temperature change which accompanies 
changing seasons and load current. Because of that, sagging occurs in the cable or stress 
is applied to the termination, which may cause various cable problems, to allow for 
thermal expansion and contraction, it is necessary to coil the cable or use an oflF set 
during installation. It is very important to use some metfiod of compensation for thermal 
expansion and contraction. The cost of these methods is disproportionately high 
compared to the total installation costs. If too much carbon is used, it is difficult to draw 
die wire.. 

(method of solution) 

This invention was made considering the above problems with the prior art. In 
order to improve the strength of various metals, composite materials are reinforced by 
putting various kinds of fiber in a metal matrix; that is, the use of fiber reinforced 
composite metal materials (called as FRM) has been investigated for various purposes. 
We noticed that carbon fiber has a negative coefficient of thermal expansion. The same 
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copper or aluminum which has been used for electrical cable is used as the metal matrix 
and carbon fiber is used as the reinforcing fiber in about 5 to 30 volume % (up to around 
50 % bulk resistivity), this is drawn to a predetermined size to make an electrical 
conductor. 

(function) 

The equivalent thermal expansion co-efBcient of the carbon fiber remforced alloy 
a* is expressed by the following formula: 

a* = (am + AiEi/AmEm ai) / (1 + AiEi/AmEm) 

In the above, a is the co-efficient of linear expansion; A is the volume %; E is the elastic 
modulus; Suffix i is for the carbon fiber; and m is for the base metal (copper or 
aluminum). 

In the above formula, since ai is negative, a* < am. That is, by reinforcing with 
carbon fiber, the co-efficient of linear expansion of the composite is smaller that the co- 
efficient of expansion of the base metal. This becomes even smaller as the amount of 
carbon fiber is increased. Though for electrical conductors a smaller co-efficient of 
expansion is better, there are reasons to limit the amount of carbon fiber which will be 
explained in the following. Since carbon fiber has lower conductivity than the base 
metal, the equivalent conductivity of the carbon fiber reinforced alloy is less than that of 
the base metal. Therefore, if the amount of carbon fiber is small, the expansion rate is too 
big. On the other hand, if the amount of carbon fiber is too big, conductivity is reduced. 
The amount of carbon fiber is optimized considering these factors. 

(example of practice) 

As example of practice 1 , aluminum was used as the base metal. Short carbon 
fiber with 5 to 10 ft outer diameter was used as the reinforcing fiber and the amount of 
carbon fiber was 5 to 30 volume %. A carbon fiber reinforced aluminimi wire FRM with 
the fiber imiformly dispersed and oriented lengthwise was manufectured. 

As example of practice 2, the base metal was copper. Long carbon fiber with 5 to 
10 ^t outer diameter was used as the reinforcing fiber and the amount of carbon fiber was 
5 to 30 volume. A rough drawn carbon fiber reinforced copper cable was manufactured 
by passing a long carbon fiber thread through molten copper. 

Regarding these examples of practice, results of the calculations for the co- 
efficient of thermal expansion, bulk resist! vit)% and tensile strength are given in the 
following table: 

table 

CTE conductivity tensile strength 

ex of pract 2 1 .08 x 1 0*^ (C^ ) 2. 1 5 x 10"^ Q-cm 94.0 kg/mm'^ 

Cu+C 20% 
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ex of pract 1 . 1.27 x lO'^ (C) 3.44 x IQ-* Q-cm 79.3 kg/nun-^ 

Al+C20% 



Next, the calculations were repeated for diffCTent amounts of carbon fiber in the 
copper or aluminum matrix and the results are plotted in the figures. In figure 1 to figure 

3, the values range from a 50% decrease in co-*fl5cieiif of thermal expansion to a 50% 
increase in bulk resistivity. The optimum amount of carbon fiber was chosen based on 
these results. 

(effects of this invention) 

In this invention, the co-efficient of thermal expansion becomes considerably 
smaller, so flie expansion and shrinkage due to temperature change becomes less. 
Therefore, sagging of the cable and stress on the termination is reduced. Accordingly, 
the necessity for using other methods to allow for thermal movement such as coiling or 
offsetting is reduced. Because of this, installation costs are reduced. 

4. Simple explanation of figures 

Figiire 1 shows 4e relationship tetween the amount of carbon fiber and the co- 
efficient of thermal expansion for the conductor of this invwition; figure 2 shows the 
relationship between the amount of carbon fiber and the bulk resistivity; figure 3 shows 
the relationship between the amount of carbon fiber and the tensile strength. 

Assigned Representative: Mamoru TakeucW, Patent Attorney 
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